Abstract A preliminary characterization was undertaken to describe genetic structure of mango ginger (Curcuma amada) acquired from farmers and ex situ genebank in Myanmar using neutral (rice SSR based RAPDs) and functional genomic (P450 based analog) markers. The high polymorphism (> 91%) depicted has displayed existence of genetic variability in the germplasm investigated. Large number of source-specific alleles (neutral-markers = 78, functional-markers = 63) was amplified which revealed that neutral regions of the mango ginger were more variable compared with the functional regions. The major fraction of the molecular variance (neutral-markers = 85%, functional-markers = 93%) was explained within germplasm acquisition sources and this tendency was also supported by the estimate of gene diversity. The genebank accessions have shown comparatively more genetic variability than farmers' accessions. The variability observed in mango ginger may possibly be associated with the long history of its cultivation under diverse ecological conditions. The two marker systems elucidated their high resolving power which detected variability even in fewer genotypes assayed. As the target sites of these markers are different, therefore, the variability detected is believed to cover diverse part of the genome together with neutral and functional regions. We found the concurrent use of the different types of molecular markers valuable to comprehend a dependable variability pattern in the germplasm assayed.
INTRODUCTION
Mango ginger (C. amada Roxb.) is an important member of the family Zingiberaceae and famous due to its raw mango like aroma of the rhizomes. It is found wild (Srivastava et al. 2006) , as well as in cultivation (Sasikumar, 2005) with a long history of traditional use in folk medicine in the sub-continent. It has been used for healing of wounds, cuts, and itching, for sprains and skin diseases, carminative properties as well as being useful as a stomachic, decoction of rhizome effective for colds and coughs (Jatoi et al. 2007) . C. amada has pharmacological significance for a variety of ailments for example effective in skin allergies, effects on blood cholesterol and possess antioxidant properties as well as antibacterial activity. More than 130 chemical constituents including curcuminoids, the bioactive compounds of Curcuma, have been reported in C. amada rhizomes, of which 121 have been identified (Jatoi et al. 2007 ). Its peculiar raw mango like aroma valued it to be used in salad, culinary preparations and pickles making since long time (Nayak, 2002; Sasikumar, 2005) .
Despite its importance due to its multiple usages a very few studies have been conducted. Sasikumar (2005) reviewed the genetic resources of Curcuma and stressed the need to initiate studies on molecular level. In an attempt random amplified polymorphic DNA (RAPD) analysis was performed on regenerated plantlets of C. amada to assess clonal fidelity, which revealed 103 scorable bands using 10 primers (Prakash et al. 2004) . Although the observed genetic diversity was low, most of the regenerated plantlets were similar to the mother plants (Prakash et al. 2004) . While testing the applicability of rice microsatellite markers as RAPD markers in different species of Zingiberaceae, including C. amada, we found these markers useful in genetic diversity analyses (Jatoi et al. 2006) . Although these studies are useful, they do not describe the overall diversity of C. amada.
To molecular markers P450-Based Analog (PBA), also known as functional genomic markers, is a recent addition (Yamanaka et al. 2003) . Most of the molecular markers like Random Amplified Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphhism (AFLP), Simple Sequence Repeats (SSR) and Intersimple Sequence Repeat (ISSR) usually record diversity in genetically neutral regions, while PBA markers have the ability of functional genomic analysis of multi-gene families, such as cytochrome P450. PBA markers are based on a specific multi-gene family that can assess genome wide diversity in a range of plant species. In higher plants, cytochrome P450 mono-oxygenases play important roles in the oxidative detoxification and the biosynthesis of secondary metabolites in higher plants (Yamanaka et al. 2003) , and many P450 gene families have been found in various plant species. In the Arabidopsis thaliana genome about 0.9% of 29,000 genes (272 genes and 26 pseudogenes) could be categorised as cytochrome P450 genes (Riechmann et al. 2000) . P450 genes characterized so far are very diverse and variable in their gene alignments. These markers were initially designed for the poorly studied genomes. The utility of this marker system for the diversity assessment has been tested successfully in different crop species like banana (Wan et al. 2005) and Withania coagulans (Gilani et al. 2009 ). They produce RAPD like banding pattern. High reproducibility and power of polymorphism detection in the functional regions are the main features making PBA distinguished from others markers (Yamanaka et al. 2003 ).
Previously we demonstrated that rice-SSR primer sets can be used as RAPD markers for the polymorphism detection and diversity assessment of different Zingiberaceae taxa (Jatoi et al. 2006) . Keeping in view the monocot model of the rice and gingers, these primers sets were tested on trial basis in gingers that gave successful results. By the use of these markers we were able to classify the different members of the Zingiberaceae and it was in accordance with the current taxonomic classification. Moreover, genetic relationships among representative accessions of ginger (Z. officinale) also revealed useful information. The longer primer sequences and high annealing temperature were the features that made these markers more reproducible than the traditional RAPD markers.
The Union of Myanmar contains landscape diversity due to wide range of ecological conditions that resulted in the diverse agricultural systems. These factors coupled with existence of numerous ethnic communities have tremendous contribution to the diversity of plant genetic resources in Myanmar. Several attempts have been made for the diversity assessment of the major crops in Myanmar (Wan et al. 2005; San-San-Yi et al. 2008) . However, the Zingiberaceae genetic resources of Myanmar have not been evaluated yet. The current study aimed to characterize genetic structure of mango ginger employing two different types of molecular markers. Accessions of C. amada acquired from farmers and ex situ genebank in Myanmar were compared for the occurrence of genetic diversity. In the present study two different types of molecular markers (functional and neutral) were used to get clear picture of diversity and genetic relationship in the germplasm under investigation. The concurrent use of different molecular techniques is believed to depict reliable picture of diversity (Wang et al. 2007 ). This is the first attempt that has been made for the delineation of the genetic diversity in C. amada in general, and from Myanmar in particular.
MATERIALS AND METHODS

Plant materials and DNA isolation
The germplasm investigated in this study comprised 12 genotypes of mango ginger (C. amada Roxb.) from Myanmar which represented genebank and farmers' collection (Table 1) . Mango ginger acquired from the farmers was the landraces, which they use to grow as backyard plantation for the domestic use, and they were cultivating these landraces for a long time. Mango ginger accessions representing genebank were provided by the Vegetable and Fruit Research and Development Center (VFRDC), Myanmar Agricultural Services (MAS) Ministry of Agriculture and Irrigation, Union of Myanmar. These were the genotypes that were selected by the VFRDC for the conservation through in vitro culture. The genebank accessions represented central and eastern parts of the Shan state whereas landraces from farmers were collected in the Mandalay division. The acquired germplasm was grown into pots under glasshouse at University of Tsukuba, Japan. Young leaves of these accessions furnished the tissue for DNA extraction. Total DNA was extracted following the methods of Doyle and Doyle (1990) with minor modifications. Genotypes of the Zingiberaceae generally contain secondary metabolites that often hamper enzymatic reactions after long term storage. To avoid this problem, the use of fresh leaf samples and immediate commencement of experiments are strongly recommended. To minimize this problem, mercaptoethanol (1%) was added to the buffer.
RSB-RAPD Assay (Rice SSR-based RAPD)
We previously screened eight rice SSR primer sets, based on their successful amplifications profiles and high polymorphisms across different genera in the family Zingiberaceae (Jatoi et al. 2006) . The same primer sets were used here for larger assessment of the genetic diversity of mango ginger (C. amada). The total volume of the reaction mixture used for PCR analysis was 20 μL. Reaction mixture contained 1x Ex Taq buffer, 0.5 mM each of dNTPs, 1 unit of Ex Taq polymerase (TaKaRa), 0.5 μM each of forward and reverse primer, and 25 ng of DNA template. Amplification was carried out in a PCR thermal cycler (Mycycler, ver 1.065, BioRad). Thermal cycler was programmed to 1 cycle of 5 min at 94ºC for initial strand separation. This was followed by 35 cycles of 1 min at 94ºC for denaturation, 1 min for annealing and 1.5 min at 72ºC for primer extension. Lastly, 1 cycle of 10 min at 72ºC was used for final extension, followed by cooling to 10ºC. The annealing temperature of each primer pair is given in Table 2 . PCR products were electrophoresed using 8% polyacrylamide gels and ethidium bromide staining.
PBA assay
The PBA primer-sets comprised of three forward (CYP1A1F, CYP2B6F and CYP2C19F) and five reverse primers (CYP1A1R, CYP2B6R, CYP2C19R, heme2B6 and heme2C19). Fifteen combinations of these primer pairs were used in the study. Polymerase Chain Reaction (PCR) amplifications were performed using 20 ng of template DNA in a total reaction mixture of 25 μl containing 1 x PCR buffer (TaKaRa), 0.16 mM of dNTPs, 1 mM of each primer and 1 unit of Taq polymerase (Ex. Taq, TaKaRa). The PCR amplification reaction, carried out in a Thermal Cycler (Applied Biosystems), included an initial denaturation for 5 min at 94ºC followed by 32 cycles of 1 min at 94ºC, 2 min at 45ºC and 3 min at 72ºC. Annealing temperature varied for each primer set as given in Table 2 . PCR products were electrophoresed using 1% agarose gels followed by ethidium bromide staining. Temnykh et al. (2000) .
Genetic diversity analysis of mango ginger
Data analysis
For statistical analyses, amplified DNA fragments were scored in a binary data matrix where presence of band was denoted as 1 and absence as 0. Genetic similarities among the genotypes were determined based on the Jaccard (1908) coefficient using the SIMQUAL program of the NTSYS-pc (Numerical Taxonomy System, version 2.0, Rohlf, 2000) . The same binary data matrix was employed to perform Principal component analysis (PCA) based on correlation matrix to reveal genetic structure among the genotypes. Analysis of molecular variance (AMOVA) was carried out to partition the total genetic variance into within and among sources of collection. Gene diversity was calculated as outlined by Nei (1973) . For AMOVA and gene diversity, the computer program GENALEX 6 (Peakall and Smouse, 2006) was used. 
RESULTS
In this study twelve landraces of mango ginger (C. amada) were investigated for diversity assessment using two different types of molecular markers. Out of 15 primer combinations of the PBA markers, 12 gave amplified products in the germplasm assayed whereas 3 primer combinations (CYP1A1F/CYP1A1R, CYP1A1F/heme2C19 and CYP2C19F/ CYP2B6R) did not yield PCR products and thus were not considered. The number of DNA fragments amplified in mango ginger (C. amada) by the PBA markers was 13.3 with a polymorphism rate of 94.6%, and average number of bands amplified per accession was 4.6 (Table 2) . For the same set of genotypes, DNA fragments amplified by neutral markers were 18.3, and average bands per accession were 8.1 (Table 2 ). The mean similarity based on RSB-RAPDs was 0.441 and for PBA markers it was 0.367 in the whole set of mango ginger landraces.
Diversity profile in farmers' and genebank accessions
The current study deals with the germplasm which mainly comprised landraces, and acquired from the small scale subsistent farmers and genebank. Alleles specific to both collection sources were observed by the two markers in mango ginger accessions. The source-specific alleles amplified by PBA markers were 2.3 and 3 in farm and genebank, respectively (Table 3 ). The two primer combinations in farm accessions and one primer combination in genebank accessions did not amplify source-specific alleles.
For the neutral markers alleles specific to farmers' accessions were 5.4 whereas 4.4 for genebank accessions (Table 3) . Genetic similarities of the mango ginger accessions from the farmers' and Genetic diversity analysis of mango ginger genebank collection in Myanmar were calculated using the data matrices generated by the two marker systems (Table 4) . The mean similarity observed by the neutral markers was 0.45 and 0.46 in genebank and farmers' accessions, respectively, and in the same respective order for the functional markers it was 0.29 and 0.30 (Figure 1 ). The similarity coefficients complemented the gene diversity estimated in the mango ginger by the two marker types.
Gene diversity
The gene diversity was estimated for the two collection sources using data sets of both marker types separately. The gene diversity in farmers' accessions was 0.342 which ranged from 0.244 to 0.423, and for genebank accessions it ranged from 0.212 to 0.486 leading to an average gene diversity of 0.347 for PBA markers (Table 3) . RSB-RAPD markers yielded a mean gene diversity of 0.399 and 0.412 for farmers and genebank accessions, respectively (Table 3 ). The mean gene diversity estimates obtained for the two collection sources slightly differed from each other, however, genebank accessions displayed relatively high gene diversity, and this trend prevailed in both the molecular markers used in this study. A major fraction of molecular variance (85%) in the current study was explained within farmers and genebank accessions, whereas between collection sources variance accounted for 15% only by the PBA markers (Table 5 ). For the RSB-RAPD markers a similar trend prevailed displaying high molecular variance of 93% within collection sources and 7% only between collection sources (Table 5) .
Genetic relationships among mango ginger at farms and genebank
Principal component analysis displayed differential grouping patterns of the mango gingers by the two makers employed in this study. The PBA markers classified the major fraction from each collectionsource into distinct groups (Figure 2a ). However, some individual accessions from each source placed together. The cumulative contribution of the first three principal components to total variation was 55.58%. RSB-RAPD assay, with the exception of one accession from each source, grouped mango ginger distinctly representing each collection source separately (Figure 2b ). The first three PCs explained 69.7% of the total variation. One accession from farmers' collections appeared as unique spot on the scatter plot. In case of analysis of the combined data set, major fraction from each source grouped together representing genetic divergence from each other (Figure 2c ). The first three PCs contributed 56.6% of the total variation. A similar clustering pattern of the mango ginger accessions was observed in cluster analysis (Data not shown). However, clustering pattern did not correspond with the collection/acquisition source.
DISCUSSION
This is the first report that deals with the diversity analysis in mango ginger (C. amada) especially from Myanmar. Though, the genotypes investigated were less in number even then a high polymorphism was revealed in this study. The differential polymorphism in the germplasm assayed was dependant on the existence of variability in the functional and neutral regions that were targeted by the two marker types. Genetic variability depicted by the diversity profile elucidated the broad base of the mango ginger. In a parallel study in C. zedoaria using RAPD markers, Islam et al. (2005) recorded an average number of DNA fragments amplified as 14.5 ranging from 7 to 21, which were low as compared to our findings in C. amada using RSB-RAPDs. This also showed the relative efficiency of the RSB-RAPD markers over the RAPD markers for the detection of polymorphism in Curcuma accessions.
Generally polymorphism observed in the mango ginger was of two types; i) polymorphism due to amplification of DNA fragments in the large fraction of the genotypes, and it lead to high number of mean fragments generated per accession. This pattern of amplification was revealed by the RSBRAPDs; ii) polymorphism due to band-presence in the small fraction of the germplasm under study which resulted in the less number of DNA fragments per accession, and this was the feature of the PBA markers (Table 2 ). These patterns not only helped to understand the genetic variability in the mango ginger landraces, but also reflected the efficiency of two marker systems.
The current trend of allele specificity showed that mango ginger under investigation had intra-specific variability more in neutral regions compared with the functional regions that resulted in the amplifications of relatively higher number of private alleles in farm and genebank accessions. The high Table 4 . Estimates of the Jaccard's similarity coefficients ± SE measured for mango ginger representing genebank and farmers' collections by the two molecular markers. The upper diagonal represents neutral markers (RSB-RAPD) and lower diagonal shows functional markers (PBA). ZO21-1G  ZO23-1G  ZO43-1G  ZO45-1G  ZO48-1G  ZO78-1F  ZO107F  ZO108F  ZO112F  ZO114F  ZO128F ZO18-1G Genetic diversity analysis of mango ginger diversity observed may possibly be associated with genetic changes due to the rapid evolution of noncoding regions (Nayak et al. 2006) . While studying chloroplast DNA variation of different Zingiberaceae genera, Ahmad et al. (2009) found non coding chloroplast DNA regions more variant than the coding regions. Comparison of the mean private alleles elucidated minor differences at two acquisition sources by both the marker types. This pattern was also complemented by the estimates of gene diversity. This tendency indicated that diversity status in the mango gingers is almost similar in farm and genebank accessions. The genus Curcuma is believed to be at active stage of evolution (Sasikumar, 2005) , and genetic diversity may possibly be associated with diverse ecological conditions (Paisooksantivatana et al. 2001 ).
ZO18-1G
The molecular variance analyzed by the two marker systems exhibited existence of variability at both the sources of germplasm acquisition. Occurrence of high genetic diversity within populations is a common trend in tropical plants (Hamrick and Loveless, 1989) . The estimates of gene diversity observed for the genebank and farm accessions also supported this tendency. Nonetheless, in the current investigation genebank accessions have shown to display comparatively more divergence than farmers' accessions. In a parallel study in C. zedoaria using RAPD markers (Islam et al. 2005) and C. alismatifolia using allozyme markers (Paisooksantivatana et al. 2001) , high levels of genetic diversity within a population was observed.
As an important implication, the comparative assessment of genetic diversity in this study highlighted the significance of using different types of molecular markers simultaneously. Nonetheless diversity patterns observed in mango ginger were more reliable as different portions of genome were targeted by the different markers for detection of variability. This study also supported the hypothesis of Crouch et al. (1999) , which emphasizes the integration of the genetic estimates from different molecular techniques to get reliable picture of the genetic diversity. Moreover, in order to generate highly accurate estimates of genetic similarity in genetic diversity, the utilization of a range of marker systems is also necessary (Wang et al. 2007 ). RSB-RAPD has the additional benefit of having long primer sequences and high annealing temperatures which ensures its better reproducibility that has been a major concern in the regular RAPD markers with lower number of oligonucleotides. Another construe is the generation of considerable number of DNA fragments by the two marker types, which were specific to genebank and farmers' accessions. These highlights important attribute of these markers which can lead to develop SCAR markers to discriminate mango ginger at intra-as well as inter-specific level. Moreover, these studies should be extended to other species of Curcuma. In addition the curcuminoids content of these species should be determined. Combining the molecular data with curcuminoid profiles of the Curcuma species might pave a way to clear the taxonomic issues of the genus.
Mango ginger is grown widely at a back-yard garden in Myanmar by the diverse ethnic groups due to its significance as herbal medicine. The long history of cultivation in a range of geographic as well as climatic conditions might have accelerated the micro-evolutionary processes which have resulted in genetic changes. It was also reflected by the occurrence of private alleles specific to farm and genebank accessions. Paisooksantivatana et al. (2001) also ascribed the genetic diversity in C. alismatofolia with the existence of this in the diverse ecological conditions. In fact the germplasm representing farmers' accessions are the landraces that are being maintained and cultivated over generations by the rural farmers. For the long-term survival and to tolerate environmental forces, existence of genetic variability is considered as a pre-requisite (Siddiqui et al. 2007a; Siddiqui et al. 2007b; Khan et al. 2008; Rabbani et al. 2008; Sultana and Ghafoor, 2008) . For the vegetatively propagating species like C. amada having sexual reproduction constraints, this factor becomes more important and crucial. Backyard plantation or home gardens are the potential spots for the on-farm conservation of plant genetic resources (Trinh et al. 2003) . Moreover, indigenous species and rare plant varieties can often be traced in home gardens which have disappeared from the larger ecosystem (Trinh et al. 2003) . The suitable way to keep evolutionary processes to continue would also be to maintain populations of mango ginger on the farmers' fields.
